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@>  Improvements  relating  to  electroviscous  fluid-actuated  devices. 

  An  electroviscous  fluid  actuated  device,  such  as  a  clutch, 
comprises  relatively  rotatable  electrode  plates  (10,  11)  defin- 
ing  a  gap  (12)  therebetween  of  2  mm  to  5  mm  width.  An  elec- 
troviscous  fluid  in  the  gap  (12)  becomes  «solid»  when  a  pulsat- 
ing  d.c.  is  applied  to  the  plates.  Slippage  can  be  controlled  by 
controlling  the  peak  value  of  the  pulsating  d.c. 

The  electroviscous  fluid  comprises  a  suspension  of  starch 
in  silicone  oil,  having  a  ratio  by  weight  of  at  least  1:1. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  d e v i c e s   d e s i g n e d  

to  be  a c t u a t e d   by  means   of  an  e l e c t r o v i s c o u s   f l u i d   a n d  

to  e l e c t r o v i s c o u s   f l u i d   c o m p o s i t i o n s .  

When  c e r t a i n   f l u i d s   a r e   s u b j e c t e d   to  an  e l e c t r o -  

s t a t i c   p o t e n t i a l   t h e y   b e c o m e   i n c r e a s i n g l y   v i s c o u s   o r  

e v e n   s o l i d .   T h i s   e f f e c t ,   s o m e t i m e s   c a l l e d   t h e   W i n s l o w  

e f f e c t ,   i s   b r o a d l y   d e s c r i b e d   in  W i n s l o w ' s   U . S . A .   P a t e n t  

N o . 2 , 4 1 7 , 8 5 0 .   E l e c t r o v i s c o u s   f l u i d s   e x h i b i t i n g   t h i s  

p r o p e r t y   a r e   f l u i d s   w h i c h   c o m p r i s e   a  s u s p e n s i o n   o f  

p a r t i c l e s   g e n e r a l l y   h a v i n g   a  h i g h   d i e l e c t r i c   c o n s t a n t  

in  a  f l u i d   g e n e r a l l y   h a v i n g   a  low  d i e l e c t r i c   c o n s t a n t .  

The  p a r t i c l e s   a r e   g e n e r a l l y   h y d r o p h i l i c   p a r t i c l e s   t o  

w h i c h   w a t e r   i s   a b s o r b e d   to  i m p a r t   t h e   h i g h   d i e l e c t r i c  

p r o p e r t y .   In  d e v i c e s   a c t u a t e d   w i t h   t h e   use   of  a n  

e l e c t r o v i s c o u s   f l u i d ,   t h e   f l u i d   i s   c o n t a i n e d   in  a  s m a l l  

gap  b e t w e e n   two  e l e c t r i c a l l y   c o n d u c t i v e   m e m b e r s   w h i c h  

s e r v e   as  e l e c t r o d e s .   When  t h e   d e v i c e  i s   a  v a l v e ,   t h e  

f l u i d   can   f l o w   f r e e l y   t h r o u g h   t h i s   g a p .   When  t h e  

d e v i c e   i s   a  m e c h a n i c a l   d e v i c e ,   s u c h   as  a  c l u t c h   o r  

b r a k e ,   t he   two  m e m b e r s   can   be  moved  f r e e l y   r e l a t i v e   t o  

one  a n o t h e r   w h i l s t   m a i n t a i n i n g   t h e   g a p .   When  a n  

e l e c t r i c   p o t e n t i a l   is   a p p l i e d   to  t he   e l e c t r o d e s ,   t h e  

f l u i d ,   in  e f f e c t ,   s o l i d i f i e s   t h e r e b y   s t o p p i n g   f l u i d  

f l o w   t h r o u g h   t h e   gap   in  t h e   c a s e   of  a  v a l v e   o r  

p r e v e n t i n g   r e l a t i v e   m o v e m e n t   b e t w e e n   t h e   e l e c t r o d e s ,   i n  

t h e   c a s e   of  a  b r a k e   or  c l u t c h .  

The  p r e s s u r e   w h i c h   t he   d e v i c e   i s   c a p a b l e   of  w i t h -  

s t a n d i n g   in  t he   c a s e   of  a  v a l v e   or  t h e   f o r c e   or  t o r q u e  
w h i c h   t h e   d e v i c e   is   c a p a b l e   of  w i t h s t a n d i n g   in  t h e   c a s e  

of  a  c l u t c h   or  b r a k e   is   d e p e n d e n t   a m o n g s t   o t h e r   t h i n g s  

on  t h e   e l e c t r o s t a t i c   p o t e n t i a l   a p p l i e d   b e t w e e n   t h e  

e l e c t r o d e s .   With   an  i n c r e a s i n g   e l e c t r o s t a t i c   f i e l d s  

t he   s h e a r   f o r c e   w h i c h   the   f l u i d   is   c a p a b l e  o f  



w i t h s t a n d i n g   i s   p r o g r e s s i v e l y   i n c r e a s e d   u n t i l   t h e  

p o i n t   i s   r e a c h e d   when  t h e   f l u i d   w i l l   no  l o n g e r   f l o w  

and  e f f e c t i v e l y   b e c o m e s   s o l i d .   In  t h e   c a s e   of  a  

v a l v e ,   t he   r e a c h i n g   o f ' t h i s   p o i n t   means   t h a t   t he   v a l v e  

i s   f u l l y   c l o s e d   a n d ,   in  t h e   c a s e   of  a  c l u t c h   or  b r a k e ,  

t h e   r e a c h i n g   of  a  s o l i d   s t a t e   r e s u l t s   in  t h e r e   b e i n g  

no  s l i p p i n g .  

I t   ha s   now  b e e n   f o u n d   t h a t   a  p u l s a t i n g  

e l e c t r o s t a t i c   f i e l d   has   a  number   of  s u r p r i s i n g  

a d v a n t a g e s   when  u s e d   to  i n f l u e n c e   an  e l e c t r o v i s c o u s  

f l u i d .  

T h u s ,   a c c o r d i n g   to  one  a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n ,   an  e l e c t r o v i s c o u s   f l u i d - a c t u a t e d - d e v i c e  

h a v i n g   e l e c t r o d e s   d e f i n i n g   a  gap  t h e r e b e t w e e n ,   s u c h  

gap   c o n t a i n i n g   an  e l e c t r o v i s c o u s   f l u i d ,   i s   p r o v i d e d  

w i t h   means   f o r   a p p l y i n g   a  p u l s a t i n g   d i r e c t   v o l t a g e   t o  

t h e   e l e c t r o d e s .  

A d v a n t a g e s   of  t h e   use   of  a  p u l s a t i n g   d i r e c t  

v o l t a g e   a r e   t h a t   a  b e t t e r   c o n t r o l   of  s l i p p a g e ,   in  t h e  

c a s e   of  a  c l u t c h   or  b r a k e ,   a  s m a l l e r   p o w e r   c o n s u m p t i o n  

and  a  r e d u c e d   l i a b i l i t y   to  e l e c t r o s t a t i c   d i s c h a r g e .  

V a r i o u s   f l u i d s   h a v e   b e e n   t r i e d   as  e l e c t r o v i s c o u s  

f l u i d s .   H i t h e r t o   t h e   p h e n o m e n o n   by  w h i c h  

e l e c t r o v i s c o u s   f l u i d s   e x h i b i t   t h e i r   e l e c t r o v i s c o u s  

p r o p e r t i e s   has   n o t   b e e n   c l e a r l y   u n d e r s t o o d  a n d  

- e l e c t r o v i s c o u s   f l u i d - a c t u a t e d   d e v i c e s   h a v e   up  to   n o w  

f o u n d   l i t t l e   c o m m e r c i a l   a p p l i c a t i o n ,   no  d o u b t   a t   l e a s t  

in  p a r t   due  to  t h e   w e a k n e s s   of  t h e   e l e c t r o v i s c o u s  

f l u i d   s o l i d i f i e d   u n d e r   t h e   i n f l u e n c e   of  t h e   e l e c t r o -  

s t a t i c   f i e l d .  

A c c o r d i n g   to  a n o t h e r   a s p e c t   of  t he   p r e s e n t  

i n v e n t i o n ,   an  e l e c t r o v i s c o u s   f l u i d   c o m p r i s e s   a  

s u s p e n s i o n   of  p a r t i c l e s   in  a  l i q u i d ,   t h e   r a t i o   b y  

w e i g h t   of  p a r t i c l e s   to  l i q u i d   b e i n g   1 :1   a t   l e a s t   a n d  

p r e f e r a b l y   n o t   more   t h a n   1 . 8 : 1 .   The  e l e c t r o v i s c o u s  



f l u i d   a c c o r d i n g   to  t he   i n v e n t i o n   may  t h e r e b y   be  o f  

p a s t y   c o n s i s t e n c y .  

A c c o r d i n g   to  a  f u r t h e r   a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n ,   t he   l i q u i d   c o m p o n e n t   of  an  e l e c t r o v i s c o u s  

f l u i d   i s   a  s i l i c o n e   f l u i d .   The  v i s c o s i t y   of  t h e  

s i l i c o n e   f l u i d   i s   a d v a n t a g e o u s l y   b e t w e e n   1  c e n t i s t o k e  

and  500  c e n t i s t o k e s   and  i s   p r e f e r a b l y   a b o u t   3 5 0  

c e n t i s t o k e s .   The  p a r t i c u l a t e   m a t e r i a l   of  an  e l e c t r o -  

v i s c o u s   f l u i d   a c c o r d i n g   to  t he   i n v e n t i o n   i s   p r e f e r a b l y  

s t a r c h   b u t   may  be  s i l i c a   g e l   or  a  m i x t u r e   of  s i l i c a  

g e l   and  s t a r c h .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  f u r t h e r   d e s c r i b e d ,  

by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g  

d r a w i n g   w h i c h   i s   a  s e c t i o n a l   e l e v a t i o n   of  a  c l u t c h  

c o n s t r u c t e d   in   a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   to  b e  

a c t u a t e d   w i t h   t h e   use   of  an  e l e c t r o v i s c o u s   f l u i d .  

R e f e r r i n g   to   t h e   d r a w i n g ,   a  c l u t c h   c o m p r i s e s   a  

l o w e r   c l u t c h   p l a t e   10  and  an  u p p e r   c l u t c h   p l a t e   1 1  

s p a c e d   a p a r t   to  d e f i n e   a  gap  12  t h e r e b e t w e e n .   T h e  

c l u t c h   p l a t e s   10  and  11  a r e   of  e l e c t r i c a l l y   c o n d u c t i v e  

m a t e r i a l   or  a t   l e a s t   t h e i r   r e s p e c t i v e   s u r f a c e s  

d e f i n i n g   t he   gap  12  a r e   made  of  e l e c t r i c a l l y  

c o n d u c t i v e   m a t e r i a l .   The  p l a t e s   10  and  11  a r e   s e c u r e d  

by  m e a n s   of  i n s u l a t o r s   13  and  14  to  v e r t i c a l l y   a l i g n e d  

s h a f t s   15  and  16  r e s p e c t i v e l y .   The  s h a f t s   15  and  16  

a r e   j o u r n a l l e d   by  means   of  b e a r i n g s   17  and  18  in  a  

h o u s i n g   19  m o u n t e d   to  a  s u p p o r t   20.  By  way  o f  

e x a m p l e ,   t he   s h a f t   15  may  be  t he   i n p u t   s h a f t   d r i v e n   b y  

a  s u i t a b l e   m o t o r   and  t h e   s h a f t   16  may  be  t h e   o u t p u t  

s h a f t   w h i c h   o p e r a t e s   a  m e c h a n i s m   to  be  d r i v e n .  

E l e c t r i c a l   c o n n e c t i o n s   a r e   made  to  t h e   c l u t c h  

p l a t e s   10  and  11.  T h e s e   may  be  e f f e c t e d   by  m e a n s   o f  

c a r b o n   b r u s h e s   b u t   a r e   p r e f e r a b l y   made  by  m e a n s   o f  

l e a f   s p r i n g s   ( n o t   shown)   w h i c h   b e a r   r e s p e c t i v e l y  

a g a i n s t   t h e   l o w e r   and  u p p e r   f a c e s   of  t h e   p l a t e s   10  a n d  

11.  By  way  of  e x a m p l e ,   t he   l e a f   s p r i n g   c o n t a c t i n g   t h e  



u p p e r   p l a t e   11  may  be  c o n n e c t e d   to  e a r t h   and  t he   l e a f  

s p r i n g   c o n t a c t i n g   t h e   p l a t e   10  w i l l   t h e n   be  c o n n e c t e d  

to  a  s u i t a b l e   s o u r c e   of  h i g h   v o l t a g e ,   p r e f e r a b l y   a  

v a r i a b l e   h i g h   v o l t a g e   a n d ,   in  t h e   p r e f e r r e d   e m b o d i m e n t  

of   t h e   p r e s e n t   i n v e n t i o n ,   a  p u l s a t i n g   d . c .   v o l t a g e .  

In  t h e   c a s e   w h e r e i n   t h e   u p p e r   p l a t e   11  i s   e a r t h e d   a s  

s u g g e s t e d ,   t h e   i n s u l a t o r   14  a c t s   a s  a   s a f e t y   means   t o  

a v o i d   t h e   r i s k   of  a  h i g h   p o t e n t i a l   b e i n g   a p p l i e d   t o  

t h e   s h a f t   16  in  t h e   e v e n t   t h a t   t h e   e a r t h i n g   t h r o u g h  

t h e   l e a f   s p r i n g   f a i l s   and  t he   p l a t e s   10  and  11  a t   t h e  

same  t i m e   come  i n t o   p h y s i c a l   e n g a g e m e n t   w i t h   o n e  

a n o t h e r   or  an  e l e c t r i c a l   b r e a k d o w n   b e t w e e n   t h e   p l a t e s  

10  and  11  t a k e s   p l a c e .  -  

In  o r d e r   to   r e t a i n   an  e l e c t r o v i s c o u s   f l u i d   in  t h e  

gap  12,   t h e   l o w e r   p l a t e   10  i s   f o r m e d   w i t h   a  c i r c u l a r  

r e c e s s   21  and  t h e   u p p e r   p l a t e   11  i s   f o r m e d   w i t h   a  

c i r c u l a r   s p i g o t   22  w h i c h   e x t e n d s   i n t o   t h e   r e c e s s   2 1  

w i t h   a x i a l   and  r a d i a l   c l e a r a n c e .   To  a v o i d   t he   r i s k   o f  

t h e   e l e c t r o v i s c o u s   f l u i d   b e i n g   f l u n g   o u t   of  t h e   r e c e s s  

12  u n d e r   t h e   i n f l u e n c e   of  c e n t r i f u g a l  f o r c e ,   a  s e a l   23  

of  r e s i l i e n t   e l e c t r i c a l l y   i n s u l a t i n g   m a t e r i a l   can  b e  

d i s p o s e d   a r o u n d   t h e   p e r i p h e r y   of  t h e   r e c e s s   21  so  t h a t  

a  s e a l i n g   l i p   dn  t h e   s e a l  2 3   l i g h t l y   e n g a g e s   t h e   l o w e r  

end  of  t h e   c y l i n d r i c a l   p e r i p h e r y   of  t he   s p i g o t   2 2 .  

The  c o n f r o n t i n g   f a c e s   of  t h e   c l u t c h   p l a t e s   10  a n d  

1 1   d e f i n i n g   t h e   gap  12  m u s t   be  a c c u r a t e l y   m a c h i n e d   s o  

as  to  be  p e r p e n d i c u l a r   to  t h e   v e r t i c a l   a x i s   d e f i n e d   b y  

t h e   s h a f t s   15  and  16.  In  t he   s i m p l e   i l l u s t r a t e d  

e m b o d i m e n t   of  t h e   i n v e n t i o n ,   a  f l a n g e   a t   t h e   u p p e r   e n d  

of  t h e   s h a f t   15  r e s t s   on  t h e   b e a r i n g   17  u n d e r   g r a v i t y  

to  a c c u r a t e l y   and  p o s i t i v e l y   d e f i n e   t h e   a x i a l   p o s i t i o n  

of  t h e   c l u t c h   p l a t e   10.   A  c o l l a r   24  i s   s e c u r e d   to  t h e  

u p p e r   s h a f t   16  by  means   of  a  s u i t a b l e   g r u b   s c r e w   ( n o t  

shown)   or  o t h e r   d e v i c e   and  r e s t s   u n d e r   g r a v i t y   a g a i n s t  

t h e   u p p e r   end  of  t h e   b e a r i n g s   18  in  o r d e r   t o  



a c c u r a t e l y   and  p o s i t i v e l y   d e f i n e   t h e   a x i a l   p o s i t i o n   o f  

t he   u p p e r   c l u t c h   p l a t e   22.   The  d i m e n s i o n   of  t h e   g a p  

12  i s   t h e r e b y   a c c u r a t e l y   d e f i n e d .  

A  t y p i c a l   d i m e n s i o n   f o r   t he   gap  12  i s   2  to  3  mm. 

I f   t h e   gap  i s   s u b s t a n t i a l l y   l a r g e r   t h a n   t h i s ,   e . g .   u p  

to  5  mm,  more  p o w e r   m u s t   be  a p p l i e d   b e t w e e n   t h e  

e l e c t r o d e s   in  o r d e r   to  o b t a i n   a  g i v e n   e l e c t r o s t a t i c  

f i e l d   b e t w e e n   t h e   e l e c t r o d e s .  

A  p r e f e r r e d   e l e c t r o v i s c o u s   f l u i d   i s   a  f l u i d  

c o m p r i s i n g   a  s u s p e n s i o n   of  s t a r c h   in   s i l i c o n e  o i l  

h a v i n g   a  v i s c o s i t y   of  a b o u t   350  c e n t i s t o k e s ,   t h e   r a t i o  

of  s t a r c h   to  o i l   by  w e i g h t   b e i n g   a t   l e a s t   1 : 1   a n d  

p r e f e r a b l y   1 . 5 : 1 .   A  s u b s t a n t i a l   f u r t h e r   i n c r e a s e   i n  

t h e   r a t i o   a b o v e   1 . 8 : 1   i s   u n d e s i r a b l e   as  i t   h a s   b e e n  

f o u n d   to  r e n d e r   t h e   f l u i d   s u s c e p t i b l e   to  e l e c t r i c a l  

b r e a k d o w n .  

The  p a s t e - l i k e   e l e c t r o v i s c o u s   f l u i d s   a c c o r d i n g   t o  

t h e   i n v e n t i o n   h a v e   b e e n   f o u n d   to  h a v e   t h e   f u r t h e r  

a d v a n t a g e   t h a t   t h e y   a r e   n o t   so  p r o n e   to  s e t t l i n g   o u t  

and  r e t a i n   t h e i r   p r o p e r t i e s   e v e n   a f t e r   t h e   d e v i c e   h a s  

r e m a i n e d   u n u s e d   f o r   e x t e n d e d   p e r i o d s   of  s e v e r a l   d a y s  

or  m o r e .  

In  one  p a r t i c u l a r   c l u t c h   a c c o r d i n g   to  t h e  

i n v e n t i o n   t h e   s p i g o t   22  had  a  n o m i n a l   d i a m e t e r   o f  

70mm,  t h e r e b y   d e f i n i n g   t h e   a r e a s   of  t h e   c o n f r o n t i n g  

e l e c t r o d e   s u r f a c e s   b e t w e e n   w h i c h   t h e   e l e c t r o v i s c o u s  

f l u i d   i s   c o n t a i n e d .  

In  e x p e r i m e n t s   u s i n g   c l u t c h   p l a t e s   of  t h e s e  

d i m e n s i o n s   and  an  e l e c t r o v i s c o u s   f l u i d   c o n s i s t i n g   of  a  

s u s p e n s i o n   of  f i n e l y   d i v i d e d   s t a r c h   in  s i l i c o n e   o i l  

h a v i n g   a  v i s c o s i t y   of  100  c e n t i s t o k e s ,   t h e   c l u t c h   w a s  

f o u n d   to  be  c a p a b l e   of  t r a n s m i t t i n g   t o r q u e s ,   when  t h e  

c l u t c h   e f f e c t i v e l y   b e c a m e   f u l l y   e n g a g e d ,   g i v e n   by  t h e  

f o l l o w i n g   t a b l e :  



The  t o r q u e   w h i c h   t h e   c l u t c h   c o u l d   t r a n s m i t   can   b e  

f u r t h e r   i n c r e a s e d   by  i n c r e a s i n g   t h e   p o t e n t i a l   b e t w e e n  

t h e   c l u t c h  p l a t e s   u n t i l   a  p o i n t   i s   r e a c h e d   a t   w h i c h   a n  

e l e c t r o s t a t i c   b r e a k d o w n   i s   l i a b l e   to  o c c u r .   I t   h a s  

b e e n   f o u n d  t h a t ,   i f   t h e   c l u t c h   i s   m e c h a n i c a l l y  

o v e r l o a d e d   w i t h   t h e   e l e c t r o v i s c o u s   f l u i d   f u l l y  

s o l i d i f i e d ,   c r a c k s   t e n d   to  d e v e l o p   in  t h e   s o l i d i f i e d  

f l u i d   and  e l e c t r o s t a t i c   b r e a k d o w n   t h r o u g h   t h e s e   c r a c k s  

t a k e s   p l a c e .   W h i l s t   a  s t i f f e r   e l e c t r o v i s c o u s   f l u i d  

g a v e   b e t t e r   t o r q u e   t r a n s m i s s i o n   and  w h i l s t   a  n a r r o w e r  

gap  a l s o   g a v e   b e t t e r   t o r q u e   t r a n s m i s s i o n   f o r   a  g i v e n  

p o t e n t i a l ,   d i f f i c u l t y   was  e x p e r i e n c e d   in  a t t e m p t i n g   t o  

f i l l   a  n a r r o w e r   gap   w i t h   t h e   s t i f f e r   p a s t e .  

W h i l s t   t h e   i n v e n t i o n   has   b e e n   p a r t i c u l a r l y  

d e s c r i b e d   w i t h   r e f e r e n c e   to  an  e l e c t r o v i s c o u s   f l u i d  

a c t u a t e d   d e v i c e   in  t h e   f o rm  of  a  c l u t c h ,   t h e   i n v e n t i o n  

i s   n o t   so  l i m i t e d .   I t   may  a d v a n t a g e o u s l y   be  u s e d   w i t h  

b r a k e s   as  w e l l   as  c l u t c h e s .   In  t h e   c a s e   of  a  b r a k e ,  

one  of  t h e   two  p l a t e s   or  e q u i v a l e n t   w i l l   be  f i x e d   a n d  

i t   w i l l   be  g e n e r a l l y   c o n v e n i e n t   to  i n s u l a t e   t h e   f i x e d  

p l a t e   or  o t h e r   member   w i t h   r e s p e c t   to  e a r t h   and  t o  

a p p l y   t h e   h i g h   v o l t a g e   to  s u c h   f i x e d   p l a t e   or  o t h e r  

m e m b e r .   The  r o t a t i n g   p l a t e   or  c o m p l e m e n t a r y   m e m b e r  

w o u l d   t h e n   be  e a r t h e d   t h r o u g h   a  l e a f   s p r i n g   or  o t h e r  

fo rm  of  e l e c t r i c a l   c o n t a c t .  

An  e l e c t r o v i s c o u s   f l u i d - a c t u a t e d   b r a k e   i n  

a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   may  a d v a n t a g e o u s l y   b e  

u s e d   in  an  a n t i - s k i d   b r a k e   s y s t e m   w h e r e i n   r e p e a t e d   a n d  

r a p i d   on  and  o f f   o p e r a t i o n s   of  t h e   b r a k e  a r e  



n e c e s s i t a t e d .   B e c a u s e   the   b r a k e   can  be  d i r e c t l y  

a c t u a t e d   e l e c t r i c a l l y ,   the   v a r i o u s   r e l a y   v a l v e s  

n o r m a l l y   a s s o c i a t e d   w i t h   a n t i - s k i d   s y s t e m s   a r e   a v o i d e d .  

I t   has   s u r p r i s i n g l y   been   f o u n d   t h a t   t he   r i s k   o f  

e l e c t r o s t a t i c   b r e a k d o w n   of  t h e   e l e c t r o - v i s c o u s   f l u i d  

i s   s u b s t a n t i a l l y   r e d u c e d   i f   a  r a p i d l y   f l u c t u a t i n g   o r  

p u l s a t i n g   d . c .   or  a  p u l s e d   d . c .   of  a  f r e q u e n c y   o f ,   f o r  

e x a m p l e   a b o u t   60  Hz  i s   u s e d   r a t h e r   t h a n   a  c o n t i n u o u s  

u n i f o r m   or  c o n s t a n t   d . c .   A n o t h e r   a d v a n t a g e   of  t h e   u s e  

of  a  p u l s e d   d . c .   i s   t h a t   t he   p o w e r   c o n s u m p t i o n   i s  

r e d u c e d ,   i t   b e i n g   p o s s i b l e   to  k e e p   t h e   e l e c t r o v i s c o u s  

f l u i d   s o l i d   e v e n   w i t h   a  p u l s a t i n g   e l e c t r o s t a t i c  

f i e l d .   A  f u r t h e r   a d v a n t a g e   i s   t h a t   more   a c c u r a t e  

t o r q u e   c o n t r o l   can   be  m a i n t a i n e d   d u r i n g   s l i p p a g e .  
W h i l s t   e l e c t r o v i s c o u s   f l u i d - a c t u a t e d   d e v i c e s   h a v e  

b e e n   d e s c r i b e d   in  t h e   f o rm  of  c l u t c h e s   and  b r a k e s ,  

o t h e r   a p p l i c a t i o n s   of  t h e   i n v e n t i o n   a r e   e n v i s a g e d .  

One  s u c h   a p p l i c a t i o n   i s   to  a  w o r k p i e c e   h o l d e r   f o r   a  

l a t h e ,   more   s p e c i f i c a l l y   a  c h u c k .   A n o t h e r   a p p l i c a t i o n  

is   to  v e h i c l e   s u s p e n s i o n   s y s t e m s   w h e r e i n   s p r i n g s   a n d  

s h o c k   a b s o r b e r s   may  be  r e p l a c e d   by  e l e c t r o v i s c o u s  

f l u i d - a c t u a t e d   d e v i c e s   w h i c h   a r e   c o n t r o l l e d   by  a  

m i c r o p r o c e s s o r   t o   v a r y   d a m p i n g   c h a r a c t e r i s t i c s .   A 

f u r t h e r   a p p l i c a t i o n   i s   t he   c o n t r o l   of  f l u i d   f l o w   t o  

h y d r a u l i c   a c t u a t o r s .  

I t   ha s   b e e n   f o u n d   t h a t   e l e c t r o v i s c o u s   f l u i d -  

a c t u a t e d   d e v i c e s   c o n s u m e   such   a  s m a l l   c u r r e n t ,   of  t h e  

o r d e r   of  1 0 - 5   to  1 4 - 1 0   a m p s ,   t h a t   t he   c u r r e n t   c a n n o t  

be  a c c u r a t e l y   m e a s u r e d   by  r e l a t i v e l y   s i m p l e  

t e c h n i q u e s .   A c c o r d i n g l y ,   t he   p o w e r   c o n s u m p t i o n   of  t h e  

d e v i c e   is   e x t r e m e l y   l o w .  



1.  An  e l e c t r o v i s c o u s   f l u i d - a c t u a t e d  d e v i c e  

c o m p r i s i n g   e l e c t r o d e s   ( 1 0 , 1 1 )   d e f i n i n g   a  gap  ( 1 2 ) -  

t h e r e b e t w e e n ,   s u c h   gap  c o n t a i n i n g   an  e l e c t r o v i s c o u s  

f l u i d ,   c h a r a c t e r i s e d   by  means   fo r   a p p l y i n g   a  p u l s a t i n g  

d i r e c t   v o l t a g e   to  s a i d   e l e c t r o d e s   ( 1 0 , 1 1 ) .  

2.  A  d e v i c e   a c c o r d i n g   to  c l a i m   1,  in  w h i c h   t h e  

f r e q u e n c y   of  t h e   p u l s a t i n g   d i r e c t   v o l t a g e   is   up  t o  

a b o u t   60  H e r t z .  

3.  A  d e v i c e   a c c o r d i n g   to  c l a i m   1  or  2,  in  w h i c h  

t h e   p e a k   v o l t a g e   of  t h e  p u l s a t i n g   d i r e c t   v o l t a g e   i s  

a b o u t   5  KV. 

4.  A  d e v i c e   a c c o r d i n g   to  c l a i m   1,  2  or  3,  i n  

w h i c h   t h e   means   f o r   a p p l y i n g   t he   p u l s a t i n g   d i r e c t  

v o l t a g e   i n c l u d e s   means   f o r   a d j u s t i n g   t he   peak   v a l u e  

of  t h e   a p p l i e d   v o l t a g e .  

5.  A  d e v i c e   a c c o r d i n g   to  any  of  c l a i m s   1  to  4 ,  

in  w h i c h   t h e   gap  (12)   b e t w e e n   t h e   e l e c t r o d e s   i s   b e t w e e n  

2mm  and  5mm. 

6.  A  d e v i c e   a c c o r d i n g   to  any  o f  c l a i m s   1  to  5,  i n  

w h i c h   t h e   e l e c t r o v i s c o u s   f l u i d   c o m p r i s e s   a  s u s p e n s i o n  

of   p a r t i c l e s  i n . a   l i q u i d ,   t he   r a t i o   by  w e i g h t   o f  

p a r t i c l e s   to  l i q u i d   b e i n g   at   l e a s t   1 : 1 .  

7.  A  d e v i c e   a c c o r d i n g   to  any  of  c l a i m s   1  to  5,  i n  

w h i c h   t h e   e l e c t r o v i s c o u s   f l u i d   c o m p r i s e s   a  s u s p e n s i o n  

of   p a r t i c l e s   in  a  s i l i c o n e   f l u i d .  

8.  A  d e v i c e   a c c o r d i n g   to  any  of  c l a i m s   1  to  5 ,  

in  w h i c h   t h e   e l e c t r o v i s c o u s   f l u i d   c o m p r i s e s   a  s u s p e n s i o n  

of   p a r t i c l e s   in  a  s i l i c o n e   f l u i d ,   t h e   r a t i o   by  w e i g h t  

of  p a r t i c l e s   to  l i q u i d   b e i n g   at  l e a s t   1 : 1 .  

9.  A  d e v i c e   a c c o r d i n g   to  c l a i m   8,  in  w h i c h   t h e  

v i s c o s i t y   of  t h e   s i l i c o n e   f l u i d   is   b e t w e e n   1  and  5 0 0  

c e n t i s t o k e s .  

10.  A  d e v i c e   a c c o r d i n g   to  c l a i m   9,  in  w h i c h   t h e  

v i s c o s i t y   of  t h e   s i l i c o n e   f l u i d   is   a b o u d   350  c e n t i -  

s t o k e s .  



11.  A  d e v i c e   a c c o r d i n g   to  any  of  c l a i m s   6  to  1 0 ,  

in  w h i c h   s a i d   p a r t i c l e s   a r e   h y g r o s c o p i c .  

12.  A  d e v i c e   a c c o r d i n g   to  any  of  c l a i m s   6  to  1 1 ,  

in  w h i c h   the   p a r t i c l e s   c o m p r i s e   s t a r c h .  

1.3.  A  d e v i c e   a c c o r d i n g   to  any  of  c l a i m s   6  to  1 2 ,  

in  w h i c h   t he   r a t i o   by  w e i g h t   of  p a r t i c l e s   to  l i q u i d   i s  

no t   s u b s t a n t i a l l y   more  t h a n   1 . 8 : 1 .  

14.  An  e l e c t r o v i s c o u s   f l u i d   c o m p r i s i n g   a 

s u s p e n s i o n   of  p a r t i c l e s   in  a  l i q u i d ,   c h a r a c t e r i s e d   i n  

t h a t   t he   r a t i o   by  w e i g h t   of  p a r t i c l e s   to  l i q u i d   i s  

a t   l e a s t   1 : 1  

15.  An  e l e c t r o v i s c o u s   f l u i d   c o m p r i s i n g   a 

s u s p e n s i o n   of  p a r t i c l e s   in  a  l i q u i d ,   c h a r a c t e r i s e d   i n  

t h a t   t h e   l i q u i d   i s   a  s i l i c o n e   f l u i d .  

16.  An  e l e c t r o v i s c o u s   f l u i d   a c c o r d i n g   to  c l a i m  

14  or  15,  in  w h i c h   the   r a t i o   of  p a r t i c l e s   to  l i q u i d   i s  

no t   s u b s t a n t i a l l y   more  t h a n   1 . 8 : 1 .  

17.  An  e l e c t r o v i s c o u s   f l u i d   a c c o r d i n g   to  c l a i m  

14,  15  or  16,  in  w h i c h   the   p a r t i c l e s   c o m p r i s e   s t a r c h .  

18.  A  d e v i c e   a c c o r d i n g   to  any  o f  c l a i m s   1  to  1 3 ,  

w h i c h   is   a  c l u t c h   or  b r a k e   in  w h i c h   the   e l e c t r o d e s   a r e  

d e f i n e d   r e s p e c t i v e l y   by  two  r e l a t i v e l y   r o t a t a b l e   m e m b e r s  

( 1 1 , 1 2 )   w h i c h   a r e   c o u p l e d   t o g e t h e r   by  s a i d   e l e c t r o -  

v i s c o u s   f l u i d   when  s a i d   d i r e c t   v o l t a g e   i s   a p p l i e d   t o  

s a i d   e l e c t r o d e s .  

19.  A  d e v i c e   a c c o r d i n g   to  c l a i m   18,  w h i c h   i s   a 

v e h i c l e   b r a k e   f i t t e d   w i t h   an  a n t i - w h e e l   l o c k   s y s t e m .  
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